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Introduction 



Genesis Super 32X (32X) is a " 2 X 32 bit " hardware upgrade that will provide arcade- 
qualily game expenences from existing l&-bit Genesis hardware. 

When attiiched lo die Sega Genesis or Sega CD, the 32X will incorporate some oi the game 
play capabilities to be found on the upcoming "Saturn" system. 

The 32X will use the Hitachi SH2 RISC chips destmed for Saturn. The tv,'o SH2 chips in the 
32X will complement a newly-desigried VDP [video digital processor) chip to bring to the 
Genesis faster processing speed, high color definition, texture mappmg, improved computer 
polygon graphics technology, ever-changmg 3D perspective, software motion video, en- 
hanced scaling and rotation and improved audio. 

The 32X will enhance both Sega CD disks and Sega Genesis cartridges designe3and devel- 
oped exclusively for the system. In addtion, the 500+ regular g&ies aSMablefcr the Sega 
Genesis, and the 100+ games available for the Sega CD can still be pfl^d W^te the 32X is 
attached to the Genesis hardware unit. 

System Features 






The following are some of the features on th^J^X: 

■ Plugs into the Geriesis Cartridge poitt wiiptf^ through cartidge port. 

■ Run by tv/o SH2 processors renderiA^^a new frame bi^u^r"% the 32X itself 
(not the frame buffer in the Genesis). 

• Three display modes support l^bit, 8 bit, RLE coloi 

• Will run 32X-onIy arid Genesis (^tridges. Iftheuse^ 
32X can be hooked up to the"S^^gK^ and will run^^ 
compact discs as well. -^^^^-.-^ i^ 

• 32X will feature improve^ graphics" capability mop^ sprites, quicker 
animation, and a^^tei^^ Hoping- % | ^ ■ '" 

■ The Genesis and^2X yide<:*/^c&nd are mixed toge^l.^ Thus, graphics and 
sound from t"^ systems^^ be overlayed through output. For example, for 
any given gani^j^njackground can be done through tfie Genesis, and the 
rendering througlt^p2X (and vice versa). 

• 4 Mbits total [2 Mbits^ Frame Buffer; 2 Mbits = SD-RAM). 



a ^g£^U system, 
xAf and Sega-CD 
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GSX Hardware Specifications 



CPU 

SH2[32bitRISC)x2: 

Inti^ma] DSP (add, times & divide): 



RAM 

Main Work RAM: 
Frame Buffer: 



VDP 

Maximum screen size'. 
Maximum colors: 
Display Functions: 



MD/GENESIS I/F 



Communication Port: 



Interrupts: 



-: < i 



Sound 

Two chanij^P 



^^ 




23.01 MHz, 20 MIPS \ 2, 4 KBvte cache 
23.01 MH7 



2 Mbit SDRAM 
1 Mbit X 2 Df?AM 




320 pixel wide x234 pixel high 
32,768 ..".VA.. ''^ 

Dii^ color nlode, Packed pixel mode, 
Run-leitgth niode, Line table method. 



" »y*> 





^words of dual port registers are 
a^iilabte forc^itUnunication and 
ta transte ^ 




;?^;;- 




An interytipt toih^ 




• i>yu. 



ResoliJtKih 10 bits at 22 kHz 
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Fig. 1 33X Hardware ConfiguTstJon 





.. '^ 





CONFIDENTIAL 






PROP^^W SEGA 



SH2 




Dual SH2's 

Same CPU configuration as the Saturn, Each SH2 has 4K internal RAM. This RAM 
has two modes selectable from software. Mode 1 is 4K cache, which is useful for 
general CPU tasks. Mode 2 is 2K cache/2K RAM, which is useful for tight loop 
tasks such as graphic routines, geometry calculations, and sorting. The SH2's share 
a common bus that holds the RAM and Frame Buffers. This configuration should 
lead to unique programming tricks. 



SD-RAM 

The 2Mbits of SD-RAM, which is the same as what ts used in the Satum, has three 

timing tiers. The read time when reading sequentially is 1 cycle. 




Master Access to Frame Buffers 

Both CPU's reside on the same bus. When they atterilfrt^tciaa3^s the bus at the same 
time, the Master SH2 will win. Because both SH2;^have^temal cache memory, the 
conflict rate is low. Because there is one bus^ibo^K SF^s c^ write to the frame 
buffer. This allows a programmer to split the dt^y/ work for the display into two 
parts if the game requires. 






DMA Channels 

Each SH2 has two DMA channeis^hat ca^^b^S^Wgured to respond to the DREQ 
line on the chip, creating a DMA^kica^TnSie background of the CPU running. 
On the 32X, this line toggles everytSne thel^OOO wrii^s to a legister on the Genesis. 
This allows a DMA from the 68000 to iheSHI withoii*±ialtiftg ^ SH2 to do the 
DMA. This will enable the ^GA CD to do high-^i^formahc^deo playback and 
data transfers. 



IRQ Lines 

The 68000 has two n^v 




one sent 




I/O Porta 

The numl^ of li© pm^ is still undetermined. Data can be passed through 1/0 
ports and toggle the IRQ to inititiate work. 



FIFO 

The FIFO (First In, First Out) allows the SH2 to write data to the frame buffer with- 
out a usual wait for the D-RAM. 

Cycle Stealing 

T^e cartridge will exist on the G8000 side. Both SH2's have master/slave access to 
the cartridge at all times via the cycle stealing technique. Unless the 68000 is doing a 
DMA, the cartidge is available at all times. 
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RAM 

System RAM 

2 Mbit SDRAM 




512 Byte RAM Clear Hardware 

Used for flat-sKaded poSygons. 



Frame Buffer 



Dual Frame Biiffer Design 

Two display buffers, each 1 MBit, are featured on the 32X itself- 
to one of them, while the other is being drawn to the screen. 



Access From MD Side 

The VDP and Frame Buffer from the Mega Drive can 



Video 



Three Display Modes 

The following display modes will be sup 



RunIength/256 CLUT display mode 
15-bit RGB 555 color display mode 
256 CLUT display mode 





's can talk 




ach pix^can girecfly select its RGB color, 
special e^c\3,$ke :^033-iadin^, fade . 
LStic image, This^^ie same color depth as 



32,768/258 Color Support 

Supports 32,768 colors on 
Direct selecting of color aUow 
wipes, gouraud shadi 
VDP 1 on the Sa 



Line Start Table 

Each line of the video displ^lias a start address. This allows for special effects, 
memory conservation in blank pixel areas^ and hardware scrolling. 

S-Video Support 

The 32X supports S-Video, which allows the Genesis to output S-vdieo in pass- 
through mode. 
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Two Channel PWM 

PWM registers are used for titte screen audio, and the Z80 for gamepiay audio. 



• 





SIX HardwQTf Spfcificatiotts 

CONFIDENTIAL 



PROPERTY OF SEGA 



• 




32X 

DEVELOPMENT TOOLS OVERVIEW 



4/26/94 






019&4SEQA. All nighig nAtarved. 



10 



CONriDrNTiAL 



PROPERTY OF SECA 





• 



The following is a list of programming tools to be used with the GSX- 



Hardware 



Hardware 



IBM PC compatible 



Macintosh 



Unix Work Stations 



Hitachi ICES for SH2 
E700OPC 
E7000 
EVAL Board 



Zacks ICE 



CartE>ev 



SegaDev 



32X Target 



CD Emulator 



Cociunents 



Code development for SH2, 6S00O, Z80 
CPU- 486 (66 MHz); 8 MB RAM or more; 
300MB HDD or more; MS-DOS 5.0 or higher. 



For graphic and sound tools 



Works with Hitachi E7000^rfotigh ethemet GNU tools. 



IBM-PC parallel I/F SBl't^" "'"'^ 

Ethernet type SH2:lCfe"^i^ """- 

low cost IBM-PS^araUel J/F SH2 ICE 



68000 



-m. 




MoiQtor-ba||ed'<%s^lopment system. Available in June. 



CaSSge ROm emula 





\2X development board 




■GAX:D emulator 




1 ^ — ^W" '-^ — 1 

Software "'"-^ " 


Conunents 


SH2 Compiler ^ 


GNU, Hitachi 


SH2 Cross Assembler 


GNU, Hitachi, SNASM2 


SH2 Debugger 


Hitachi with ICE, SNASM2 


68000 Debugger 


SN ASM2, etc. 



32X D^KluumeJ}! Tools Ou^rvi^^ 
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Stand-Alone System 
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Bus Board 



^H 



eeooaiCE 



^ F 



eaoooiCE 



CD Developmenl Environment 





IBh^PC 




P" ' 1 


L.is™J^I 



CD Eniulamr 





< 

P 

Q 

■z. 

o 



r1 



I ^^ ^ ^VV 1 1 ^ 1 1 ^^^ 
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32X Software Library 



The foUowmg diagram list the 32X software hbraries and the programs in them. 
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Systam L^rary 






Pragram Ut^r^ry 

PWW SDufiCJ Dvtrtr 
inarucn »ntrcl 

□MA 




^^[^n ^url^up Bdrnptfls 
Uung Jftrary 
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Data Format Support 





The following data and fonnats are or will be supporled. 



Data type 



Camment 



image Data 

PICT: 
DGT2: 



Mod«l Data 
DXF; 



3D Data 

SEGA3D: 



Animation Data 
PICS: 



Macintosh picture data 

DC mode, PP moden RLE mode supported 



Auto CAD data 





Modeling, Material, Object tiatife 




Macintosh animatio 




Other Formats 

The following formats are sche<^eLy|^^^pported ifVthe future. 

■ BOB • TIFF 

• BMP • PCX 




• 



i2X Grtrphics D^vetoptn^nf Enuinmin^nt 

CONFIDENTIAL 



17 



PROPERTY OF SEGA 



2D Development 




L 



PalnlTwWfO.rS) image data 




^1 

Motion editor 



Simulatkm 




■mage data 

'Bil map 
"Color palertfl 




3D Development 



Modelling TooKO.T.S) 





Model data 



image tima: 

^TfiktMfe m 



■Object 

"Maf^nal 



• 
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Hardware Requirements 



The following hardware is required for graphic development. 



• 



Tog] 

1 


Hdrdtvare 


Comment 


1 
Development Sy^iem- 


Macintosh 


CPU aatMo 

16MB RAM 

100 MB HDD or more 


Video Card: 


A 24-bit Video card, or a 24-bit color system. 


Target: 


A SCSI system available in Jtine. ^% 



System Layout 




Macinlasji monitor 




aax SCSI System 






S2X Graphics Developmeul En-uironmenr 



■iZA i^mpmci I 

CONFIDENTIAL 



19 



PROPERTY OF SEGA 



Software Requirements 



The following software is required for graphic development. 



• 



ToqI 


Comment 


2D Edil 

1 

SEGA converter: 

Simple painter: 

Simple anmiator: j 


Same tool as for Saturn. 
Same tool as for Saturn. 
Same tool as for Saturn, 


3D Edit 

Simple 3D editor: Same tool as for Saturn, 



Simple Painter 

A simple paint tool. 



Function 



Input: 



Output: 



Simple paint tool 



Image data is PICT, DGT2 



Image data is PICT, DGT2 



l_ 



RCT 




Load 




SI^Le Painter 



V v.* v.* ^ 
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Simple Animator 

A spnte aniination tool. 




Funclion 


Sprite animation tool 


Input: 


Image data is FlCT, DGT2 
Animation data is PICS 


Output: 


Animation data is PICS 




PICT 

1 




[1 
DGT2 



Load 



Save 



PICS 





32X Graphics DeJJefupmml Environment 
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Simple 3D Editor 

A model data viewer that sets 3D data (material, object). 



Function 


Mudvi data viewci 


Input: 

1 


Model data is DXF 

3D data is SEG A3D 

Image data is PiCT, DGT2 (for texture mapping) 


Output: 


3D data: SEGA3D 




L 



Load Model 



PCT 




DGT2 



Load Texture 



L_ Load/SflVB 
SEGA3D 



SEGA Converter 

A data fonnal conver 



Function 



input; 



Output: 




• 



DaU fanrut ccmversi 



Image data &flCT, DGT2 (TIFF, BMP. PCX are being planned) 



Image data is PICT, DGT2 (TIFF, BMP, PCX are being planned) 



S2 



L 



PCT 




PICT 
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G5X Sound Control Plan 



2W0RDS will be set aside for the 32X communciation port. Of the 2 WORDS, 1 
WORD will be used for main program [SH2) sound requests. The remaining 1 
WORD is exclusively for the sound driver give-and-take control over SH2 and 
68000. 




PWM Sound Driver 



The foUowmg are some of the functions of the PWM sound driver: 



8 bit data 

Left and right, 2-channei PWM. 

Maximum sampling rate of 44.1 KHz 

Looping (forward, alternate). 

32 step volume change. 

3 cent step pitch control. 

CPU Power Consumption 

- Pitch, volume control off- 

- Pitch, volume control on- 



Presently, the SH2 timer is fused at 22 n s 



PWM Data Format 

Divide PWM data into the foUowi 

rnlormat^on areas 

TOFADRS 
LOOP 5TAKT A 
LOOP POINT aIjRS. 
ORIGINAL 5 AN#E#iG KEY 

ENVELOPE VOLUME^x. 
PAN . ^b 

NOTE ON /OFF 
STATUS 
FREQUENCY 

Data area 




G 
NG 
WORD 
WORD 
WORD 
WORD 
WORD 
WORD 



Wave data converted to PWM foraiflt. 
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tion and data are; 





WAVE-l HEADER 




'AVE-2 HEADER 



AVE-3 HEADER 



J ' A HJ 



WAVE-N HEADER 



WAVE-l PCM DATA 



WAVE-2 PCM DATA 



WAVE-3 PCM DATA 



WAVE-N PCM DATA 
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GSX Sound Development Environment 



Sound Program Development Layout 



>4adrlosh 



_ W 



IBM-PC 



- ^OTv. BtuaTj -l ic&^aoo }-*- L ■ 



tCE-SHZ 




32X -t Supar Targ«l 
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Sound/Music Composition 



MDI Irstocmanr 

















CaitDev 




X S 




^^S 


1 




^*^r^^~ - - - 
1 


X 




SCSI> 









^2X Sound Dev^lopmenl Enuirenmen^ 
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Program Developfnent 




CarlDGV 



SCSI 






When The 32X available, davelopmenl can be done on Ihe game syMem 
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MD MEMORY MAP 



■»Hih_ 



When Power is ON (A DEN = 0) 
OOOOOD 



400000 



ROM 









A^yy^J -y\y '^ ^j- 

^ ^ ^xy^ /^--^y^x^^^^ ^y^ 



A130FC 
A131D0 
AT5100 
ATSiaO 





When using The 32X(A DEN = 1 



000000 
100000 



Custom I nlemal ROM 



400000 



8400D0 

aeoooo 
seoooo 

9OOO00 

AOOOOO 

A130FC 
A131D0 
A15100 
A151B0 




OOOOOOOO 
D08B0200 
00800206 
008B020C 



D 

4 
8 

c 

FC 



ORAM 



Over Wnte Image 

ROM Image 



ROW Image; 
(Bank) 





4 bank 



^""^ 



1000000 
100000 



00000 
200000 
300000 
400000 



r^>g-s^^EG 





When Using 32X (A DE^"^i}^i 

• A custom intemal^^vl i^located tq^^K^Vectorarei (SOOOOOO-SOOOOFF). All 
Jump destinatio^wjK flii^RAM arf||'o FDlfROM, Image area cartridge ROM is 

allocated te^t^is i|#orif when ROMlo vSaMBMA. 

• The cartiiage|0pSg^$07FFFF (4 Mbit) a%^aUocated to the S8S00O0'$8FFFFF 
area, ^fei cai^5¥i^toate other cartridge ROM areas- 

• The $9TOK«r-S9FFFFF area accesses a 32 Mbit cartridge area and divides it into 
four banks %jsetting the bank inside SYSREG. 

• 68K and SH2"^n freely access ROM, but when 68K and SH2 are accessed at the 
same time, SH2 has priority. The CPU then wails until the access before it has 
ended- 

• Only the H INT (Level 4) Vector becomes RAM. 

• The Jump source is set to the Fix ROM Image area when the initial program ends. 
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• Only when FM equats within SVSREG is access of areas $840000 - SSTFFFF and 
SA15100 - SA153FF possible 

• The 32X ID is "MARS." 

■ Palette can access only by word; it can not access by byte- 
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SH2 Memory Map 



CS Area 



OOOOOOOO 
00004000 
000041 00 
00004200 
00004400 
02000000 
(Cache) 



Bool ROM 



SYS REG 



VDP REG 



Palette 



r x-^^ ^j ^ X J r' ^ xy^^ '^ /^ '^ 






( 



Onlv when FM - w 
can VDP REG and Palette 



Palette can access only byword; iic^ n^access by byte 




02000000 




^ioooooo 

^Cache tt^rough) 



fWrite Prot&cl) 

(Access prohibited when RV=1 
within SVS REG) 



• 



32X Hardware Manual 
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OS 2 Area 



04000000 

04020000 
04040000 



DRAM 



oeoooooo 



(Cache) 



O ve r W nte 
Image 






y/-'//y/yyyy''y-'/yryA'^/y' 

■^.\y /\/j^/y y fO r yC^/y^^'Jy^ y 

^^yfy^y^^yfy '^J^^^y^^y^ 

' ^ J- J- ^ y -'^y^yyyj-^yy ^ j- ^ ^ 

^ ^ ^ ^ ^^j-^^j-^^yy^ ^ ^ ^ ^ -r 

^ - ^ J- -^ ^ J- -^ ^ J- -^ ^ yy ^ ^ ' ^ ^ ^ 



24000000 

34020000 
24040000 



26000000 



(Cache through) 






^However, Accessable onjy 
wherFM=1 inside SYSR EG) 



With Write FIFO, write is possible by 3 Sc^^tecame there 
are only two words, a wait is required wftenllilfr^ds written 
continuously 



06000000 



000 




06040000 



2SOOO0OO 

■^ <y 

(Cache lhroi>ghj 
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Interrupt Levels 


IRL 14 


VRES 


12 

10 

B 

6 


^^NT 
HINT 
CMD INT 
PWMTIM 



InteTTupt when the MD reset button has been 
pressed 

V Blank Interrupt 
H Blank Interrupt 

Interrupt through register set from MD side 
PWM TIMER Interrupt through PWM synchronous bmer 




DMA 



DMA is a dual address mode (DREQ fixed) for the SH side R.A.M from 

FIFO (MD side data). 

The ROM to PWM DMA is also a dual address modf ^%» 

For other memory to memory DMA, uae the auto fequest|node, 

DMA can set both master and slave, but both shou%a©t^e set at the 

same hme. „^„ ^"^Is^^ 

When scanning MD DMA data in DH^/cftK?^ "^e RAM from 

FIFO, the MD Source Address works prc^tly or^ by the CD word RAM. 

FIFO will not run properly even it you^t t%M© work RAM , 






32X Hurdware Manual 
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MD side SYS REG 




• Adapter ControL Register 



D15 D14 D13 Dl^ Dll DiO D9 DB D7 D6 DS D4 D3 D2 0^ DO 

Read Only RM( RW 



A15100 IFMI — I — I — I — I — I — I — IRENI — I — I — J — J — iREslAPFfJ 



ADEN: 



RES: 



REN; 



FM: 



Adapter Enable Bit 

0: Prohibits use of 32X (initlai value) 

1: Permits use of 32X 

Resets SH2 

0; Reset (initial value) 

1; Cancel reset 

SH Reset Enable 

0: No 

1: Yes 

Frame Buffer Access P^SS^sioiV^ 

0: MD (initial value] 

1; SH 




Switching the access permission is done stntiiltihegus 
Therefore, be aware that the SH side will 

* Interrupt Control Register 




writing to the FM bit. 
acces^i^^ the VDP 



D15 DU Dia D12 Dll DID D9 



A151D2 




D7 DG D5 D4 

-l- l -M 







IN" 





alue) 



sl^ SH2, Intern^ a 
■fe^ OPERATION ([] 
^1^ Interrupt command 
Slave SH2. Interrupt command 
0: NO OPERATION (initial value) 
1: Interrupt command 



Both are automatically cleared if SH performs interrupt clear 
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4 Bank Set Register 



DIS D14 D13 D12 D11 DID D9 DB 



A151D4 



D7 D6 D5 EW D3 D2 D1 DO 



BKII BKO| 




* DREO ControL Register 



D15 D14 D13 0^2 Dll D10 D9 06 



D7 C6 D5 [M 



A15106 I Full 



D3 D£ D1 DO 



I— leaslDf^RV 



RV: 



FuU; 



ROM to VRAM DMA 
0; NO OPERATION 
1: Start DMA 
FIFO Full 
0: Writeable 
1: Unwritt 



The SH side cannot access the ROM wh 
DMA, be sure that RV=1) When you w^U t 
DEL=1 no action will occur even^wftfen wri 




value) 



en doing ROM to VRAM 
it, wait until RV=0. (When 
to FIFO.) 




D 




CPU Write 



diU_ 



writes data in RFO) 



Ko 




DMA Y^G (Pe^mis data capiy^f^^ing S^C^PdeDWA) 
VaH3B%^wheftCD is coniifctetf^; '4" 




The32Xbegil^^er^^B.F"^"^SSisl. WritfflgC^nds the operation. Itautomati- 
callv becomes after^Dt/fA ends. 
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* 68 TO SH DREQ Source Address 






D15 D14 D13 D12 DTT D10 D9 D8 D7 DB D5 CM D3 D2 

WW 


Dl 00 


Aisioe 


— 1 HiohOrTter 1 


A1510A 


Lo* Ofder 


|0 



Sets the source address when performing DMA of the MD side. The inside circuit 
begins operation of the SH side DREQ circuit from the time that the addresses 
match. But because the DREQ circuit does not use this data, nothing needs to be set 
at the time of CPU WRITE. 



* 66 TO 5H DREO Destination Address 



D15 D14 D13 D12 Dn DIO D9 D8 D7 DG D5 D4 D3 C^rjipi 




Lew OnJer 




rt-. 



A1510C 
A151DE 



Sets the SH side (SDRAM) address. The DREQ cir^itj|^i^tuse this data. Thus, 
when the destination address is known befc^^H^d b^^H^kir when SH doesn't need 
to know, no settings are needed. 





* 66 TO SH DREO Length 



Aisno 




D15 D14 D13D12 DIT DIO 



Sets the data numb^|tJni^^P^dJ to be sent to SH side, 'l^e value to be set is in 4 
word units. Low ori^i^^ wri^ is ignored (00 defined). Be sure to set this register 
for both CPU WRITE arM^MA WRITE. At each transfer, tHs register is 
decremented and when it becomes 0, the DREQ operation ends. Transfer is done 
65636 times when is set. Read time reads the actual count value. 




3« 
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Aji|^jiiiiijj/r 



« RFO 



D15 D14 Dia 012 Dn D10 09 D8 D7 06 D5 CW D3 03 Dl OO 
Wntfl Ontv 



A15112 



• 



Data is written to this register when DREQ is iised by CPU WRITE. 



• SEGA TV Register 



D15 DU D13 D13 D11 D10 09 OS 07 D6 D5 CHdB^„.D2 D1 DO 

E 



AianAl — I — 



_l^l-i-l-l-l-l^l-t^rri 



CM: 



Cartridge Mode 
0: ROM(ihfe 
1: DRAM 



Use of this bit is prohibited with other a 



• Communication Port 





for the SEGA TV. 



D15 D14 D13 D12 01 



D1 DO 



A15I20 
A15122 
A15121 
A15126 
A1513a 
A1513A 
A1512C 
A1S1^ 




This is an 8 word M-directionat register. Read/write is possible from both the MD 
and SH directions, but be aware that if writing the same register from both at the 
same time, the value of that register becomes undefined. 
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• PWM Control 




A1 



D15 014 D13 D12 Dll DlO 09 08 07 06 D5 04 D3 02 D1 DO 

, — , — , — , — mi mi. mi.miff Only, rav rw hw qw n^ 



RTF: 



DREQ 1 occurrence enable (SH side only). 
0: OFF (initial value) 
1: ON 



MONO: Sets stereo/mono 

0: stereo [initial value) 
1 : mono 

When set at mono only registers used for mono are valid 



RMDO 


OMDl 


OUT 


LMDO 


LMD1 


OUT 








OFF 








OFF 





1 


R 





1 


R 


1 





L 


1 





L 


1 


1 


no 
setting 


1 


1 


sdtling£ 





Neither can be set to Ilch o 

Cycle Register; base ^^f =23.0 MHz [g 




ATIM 0-3 sels the PWM time interrupt intervatlg well asjhe RONlfc 
fer synchronization. Interrupt is prodilced by: 



trans- 



(cycla ragls 



na^Walua X 



* Cycle Register 



A15132 



015 0T4 1^^012 

— "^!ii 




De 07 06 D5 D4 
R/W 




D2 Dl DO 



The set value x eye becomes the cycle 



UTdC scyc - 1/33.01 [KHx] 



PAL Bcy*z - 1/32. a [MBz] 



• 
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« L ch Pulse Width Register 



D15 D14 D13D13 Dll DIO 09 DaD7DeD5D4D3[»D1D0 

. . W 

A15134I — I 




The set value x eye becomes the pulse width. 
* R ch PuJse Width Register 



Dt5 D14 D13 D1? Dn DIQ D9 D8 D7 De 05 D4 D3 D2 Dl DO 

WW 



A15136 



The set value x eye beeomes the pulse width. 



* Mono Pulse Width Register 






D15 D14 D13 D12 D11 DIO D9 C«.. D7^^ 



D3 D2 Dl DO 



A15138 




The set value x eye becomes the 

If writing to this register, fhesame value is wri 





nd Rch. 




• 



• 
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SH side SYS REG 




« Interrupt Mask 



D15 D14 D13 D12 D1T DID D9 DB 07 D6 D5 

Read Only RW 

4QDQ faiT— I — I — I — I — KOEFtARTlHENj — 



D4 Da D2 D1 DO 

— I V IH iCMiipmfl 



HEN: 



H: 



value) 




V: 



CMD: 



PWM; 



Cart: 



ADEN: 




H INT approval within V Blank 

0: H INT not approved (initial 

I: HINT approved 

H Interrupt Mask 

0: Mask (initial valu^ 

1: Effective ^ 

V Interrupt Mask 

0: Mask (initiatival 

1: Effective 

Command Interrupt Masic 

0: Mask (ini^F^i 

1: Effective^^^ 

PWM timglKtefnigt r^*^' 
0: Mask 
1: Effectiv 
Cartridge inserf^^' 
0: is inserted 
1: is T^t inserted 
Ad^^^gM^lebit 
te^32X % prohibited" > 
i: .^i^ liSe allowei" 
piSm^lBuffer Acces^Pe 
OF"^^ (initial value) 
SH 



DO - D3 have sep^ited registers in master and slave. Switching access 
permission is done simultaneously to writing to the FM bit. Therefore, be 
aware that the MD side will switch even while accessing the VDP 



|irStMvalue) 



ition 






• 
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* Stand By Change 



4002 



D15 D14 DT3 D12 D11 D10 D9 OS D7 D6 D5 D4 D3 D2 Dl DO 
Wriie Only 




Use with system [Boot ROM), Access to this register from the application is 
prohibited. 



* H Count 



(Access : ByteAVord) 



D15 D14D13 D12 D11 D10 D9 DB D7 D6 D5 D4 D3.^^i^^m DO 

R/W 



4%- 



4004 



--Sets H int occurrence interval. 

= each hne (default) 

* DREQ Control Register 



Xx-\^-^ 



l^cMssi Byte/Word) 



D4 D3 D2 D1 DO 



4006 



Difi D14 D13 012 011 D10J9 De Q?. 

Read Only ^r : flaadOn 




nv 



Full; 




Fran^^uffer, 
Oi Space 
^ No Space 
Frame Bu: 

0: Data# 
1: NolSta 



tCach^Ful 



t.paCTe Empty 



For others see Pvf^'side 



68 to SH DR^fi^Source Address 



(Access : Word) 






D15 D14 D13 D12 D11 DiO D9 08 D7 DB 05 04 03 02 

Raad Only 


Dl DO 


40oa 


— 1 HighOrtter | 


4O0A 


Low OrtJsr 


?l 



See MD side 



• 
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• 6B to SH DREQ Destination Address 



(Access : Word) 




D15 D^A D13 DTE Dll DIO D9 Dd D7 D6 D5 D4 D3 D2 Dl DO 

ReadOnty 



400C 
400 E 



E 



i 



Low Order 



Hrgh Qrqer 



See MD side 



* 68 to SH DREQ Length 



(Access : Word) 



4010 



DlS 014 D13 D12 Dll D10 D9 08 D7 D6 D5 D4 03 D? DT DO 
Raad On>y 



See MD side 



« FIFO 





4012 



D15 D14 D13 D12 Dll DIO D9 DS D7 .^m^^^DS'D^ D3; D2 Dl DO 
Read Only -y' 



See MD side 



* VRES Interrupt Clear 



4014 




(Accs^'r 




D15 D14 D13 D^2 D^^ D; 



7 D6 D6.mi ^ DE 01 DO 




Clears VRES interrd^|^.Ifpot dented, intemipt will continue indefinitely. 



• V Interrupt Clear 



(Access: Word) 



4016 [ 



D15 D14 013 013 Dll 010 D9 08O7D6DSD4D302 01D0 
Write Only 



Clears V interrupt. If not cleared, interrupt will continue indefinitely. 
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+ H Interrupt Clear 



(AccMS : Word) 



40ia 



D15 D14D13 012 D11 DIO D9 DeD7DeD5D4O3D2DlD0 
Write Only 




Clears H interrupt. If not cleared, interrupt will conlinue indefinitely. 



* CMD Interrupt Clear 



(Access : Word) 



D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 CW DS^^CS^Dl DO 

Wrt(e Only 



401 A 



Clears CMD mtemipl. If not cleared, inle 



* PWM Interrupt Clear 



indefinitely. 



(Access: Word) 



401 C 




Clears PWM interrupt. If no8i:ieared, interrupt 



4 Com muni cat Ion B 



indefinitely. 



(Access: Byte/Word) 




See MD side 



• 



32X Hardware Mantmt 

CONFIDHNTIAL 



PROPERTY OF SEGA 



43 



• PWM Control 



{Access : Byte/Word) 




D15 D14 D13 D12 Dll DlO D9 OS D7 D6 D5 D4 D3 D2 D1 DO 

HWPWp,Wf^WpQnJv RW R.'W P;W HW P.W 



4030 — — 



TM3 [71/211^1 



m 





— I^O^MDfTR^pVLJJKI ILjMDi 



"I-- 



See MD side 



* Cycle Register 



D15 DM D13 D12 Dll DlO D9 DS D7 D6 D5 D4 03 02 Dl DO 

L - RAV 



4032 



See MD side 



• L Pulse Width Register 



D15 D14 D13 Oia Dll 010 09 DS D7 D6 



4034 





SeeMD^^de. 



* R Pulse Width Register 




4036 



D15 D14 D13 D12 Dll D10 D9 ^08 ^0? 06 D5 04 D3 



, R^ ^ 



-**- 





:- 



' 'Se^MDslde 





• Mono Pulse Width ^egi^ster 



DT5 D14 D13D12 011^10 D9 DBD7D6D5D4D3D2D1 DO 

RW 



4033 



See MD side 
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VDP REG 



MD and SH Common 



« Bit Map Mode 



(Access : ByteAVord) 



Address D15 DU D13 D12 Oil DIO 09 Dfl D7 De D5 D4 D3 D2 D1 DO 



MD SH R&MOnJ^ 



BS£LML 



A15180 41M jPAU — I — I — 1— T— I — I — IPRI ]2-t0| — 



RiW-B 



mTTwo 



iJoi 



• 



M1 


MO 


Mode 





1 


1 Blank 





i 1 


^acksd Pixel Mode 


1 


! 


, Direcl Color Mode 


1 


1 


1 Run Length Mode 



240: 




PRI: 



240 Line Mode (Valid only when PAL) 

0: 224 Line (initial V^e)'^ 

1: 240 Line ^^^^"^ 

Changing c^ft^ply bedone within V Blank 

Screen Priority^"-fe«plaHied later) 

0: MD ^"pnority ^initial value) 

I. 32Xfes 



Change can 
PAL: 



* Packed Pixel Control 




■ne ailj^ttrfffi hut is valid from the next line. 




b: Byte/Word) 



07-S6 D5 W D3 D2 D1 DO 



Address D15 M-PJ3 M Oil DlO D9: 



Screen dot Left stiifl (explained later) 
0: OFF 

1: or^ 





Change can be done an3'time but is valid hom the next line. 
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+ Auto Fill Length 



• 



(Access : ByteAVord) 



Address D15 DI4 Dia D12 DJ1 DlO D9 De D7 06 D5 W D3 D2 D3 DO 



yc SH 

AlSi&fl 4104 



Word length (0-255) when DRAM is being filled. 

NnJt; The Aulo Fill function will be explained latec 



* Auto Fill Start Address 



(Access : Byte^ord) 



Address DlS D14 D13 012 DTI DIO D9 DB D7 D6 D5 » m^m Dl^^'DO 
M} SH RW ^ 

AlSiaS 4106 IAt6lA15lA14lA13lAT2lAHJA10iA9l AB\ A7j A6l-fe'^ft4 I A3l A2IA1 



Sets the fead of the address you want to fill. A16 - A^.^seniain^SSet but AS " Al are 
Incremented al each Fill. 




(Access fljBytf^d^] 



* Auto Fill Data 



Address D15 014 D13 D12 Dll DIO D9 D8 D7 



W SH 

A!5-fflfl 410B r" 



-V. FIW 



' ^^m^. -f- 



Sets data to be filled. The Fill c^eratibji Will begin ^ setting this register- 






• 
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» Frame Buffer Control 



Address DlS DU Dn D12 DH DtO D9 Dfl D7 D6 D5 C4 D3 D2 Dl DO 



fJC 



SH Read Only 



ivi-r an nflac univ H unlv RW 

A1518A 410A ^^ ^emPENl — | — j — | — f — | — J — f — j — i_| — IpBJ FSl 




FS. 



FM; 



PEN: 



VBLK: 



HBLK: 



PEN: 



Frame Buffer Swap 

0: Transfers DRAMO to VDP side (initial value) 

1: Transfers DRAMl to VDP side 

Frame Buffer Access Right 

G: MD [initial value) 

^'- SH ^^^^^ 

Frame Buffer Access ai^orSaion 

0: Access allowed (ini%l valii^) 

1: Access denied 

V Blank 

0: During"§i 

1: While Blani 

H Blank .^%. 

0: During djspll^^period 






1 : "" Accesaldenied 



Change of the FS Bit is possi&e only during V BI&|^ (VBLg..:^"i"). When changing FS 
Bit, FM bit, and performmg.lSLL,be sure to accesimg^ariie Buff after confirming 
that FEN is equal to 0. Paiette#ccSs is possible o%.d\i^g H and V blank. 
The bit map mode c^f^K^s Anytime ^ef^ ttwdirect color mode as well as 
Blank, 
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VDP 



^^ « Data Format 

Run Length Mode 



M SB LS B 



Lenglli ^'^ColorhD.- 



Length is the display ctot number minus 1 
1 dot when Length = 



Packed Pixel Mods 



MSB doJO dot1 LSB 



• 



Direct Color Mode 




Color Data w^n HmmO^qth and Packed Pixel 




msB 



LSB 



15 5 5 



B 



/ 

Through bH 




4S 



CONFIDENTLA.L 



PROP 




OF SEGA 



• Priority 



VDP Register PRI = 



Throughbil = 1 



PRI = 1 



• 



33X 




ThroughtjiT = 



Thraughbil = 1 



Throuahbil = 



The MD surface is transparent wh^^ 
Only the MD surface is dis 




No. = 0. 
m%e Blank Mode. 



* DRAM (FRAME Buffer) MAP 




200 



IFFFF 



Line Table 



Pixel Data 





Note; One line Uhdefiii' 



* Surla 



1 2 



^319 320 321 



SFT=0 



SFT=T 



Display Regbn 



■^ Display Region 
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Because address data that is set in a line table is in word units, it can only change a 
table in 2 dot units when a packed pixel. Therefore, to change the display position 
by 1 dot units, use the SFT bit (when perfonning H scroll for example). Dot shifting 
can be done only in screen units. 



* Auto Fill 

This hmction fills the DRAM (Frame Buffer) with page (256 Word) unifs. Please be 
aware that fill can be done only inside a page. 



Ex, 1 



Start = $0022A 

Length = SE3 

Data = $AA 



start S0022A End S003F0 

Length SES 



S0Q200 




AA 



Fill Data = SAA 




Ex, 2) Start = $00280 

Length = £E0 
DaJa = S55 



S00200 



t 



© 



End $00240 



55 



I 




55 



55 55 



Fill Data = $55 



i5 }^-H-^^— -WH-h- ^^ H 



Hrt 




If a Length value is s^.that 
return to the head offiie pise. 



^$55 



e page, as in exam|^S- then the address will 



Auto Fill Address revises"Bw .values as shown below. 



D15 014 013 012 Oil DID D9 D8 D7 D6 D5 04 D3 02 Dl DO 
IAl6lAl5lAt4|AiaA12iAlHAlO[A9[ Afl [ A7 J Afi 1 A5l A4 I A3 I A2 I Aj" 

Remains set ^44 Incremented 



Fill time calculation formula 7 + 3 x Length (c/c) 




BO 



FITSC Scyc * 1/33.01 [MHzI 



FJUi Bcyc - 1/22, B fuz] 
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Precautions Concerning VDP 

• When accessing the palette RAM during the display interval 

(HBLK = and VBLK = 0) in the packed pixel mode, there will be await until 
entering Blank. 

• The internal circuit ignores the access of a CPU accessing VDP that does not 
have permission for VDP access by FS bit. Be particularly aware when 
reading that xindefmed data will be readout. 

• The four areas that receive access control from the FM bit are the Frame 
Buffen Over Write Image, VDP Register, and Palette RAM, 

•_. The development board halts access of the VDP by the CPU that does not 
have permission from the FM bit to access the VDP 
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Access Time Table (These may change depending on the deuelopmeni situation 

hereafter.) 




Sclk = 23,01 MHz 



V(^ = 7.67 MHz 



« ROM Image Area 

Read / Write 
SH2 min. 5 Sctk wait 

max. 15 Sclk wait (14Sclkwaitwhenread]ngaL:cessof68Kthal isin 

an interval) 



68K min. Vclk wait 
max. 5 Vclk wait 



» Frame Buffer 



SH2 



68K 




* SYS REG 



SH2 
68K 

* VDP REG 



SH2 
6SK 

• Boot ROM 

SH2 



Read 
mm, 4 Sclk wait 
max. 8 Sclk wait 

Read / Write 
min, 1 Vclk wait 
max, 3 Vclk wait 



Read 
1 Sclk wait 
Vclk 



lit 
Vclk wait 




Write, 
1 ^^. wait^ 

8 ..Sqlk"-*^" 





Write 
1 Sclk 
Vclk wai 




Write 
4 Sd^wait 
Vclk wait 



1 Sclk wait 




sa 
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Precautions When Using SH2 ICE 



The following restrictions apply until you are able lo change to the latest ICE (about 
6 months). 




All SH7604 E7000 Vl.O r^trictions are in effect. 

SDRAM cannot be accessed by the cache through. 

Data cannot be property transferred even when treating SDRAM in the 

DMA source and the destination in the SDRAM bv DMA. 

With an Expansion Board: 

SH ROM access has a mmimum 6 clock wait (S clock access) 
SH VDP register has a minimum 5 clock wait (7 clock access) 

The current SH2 ICE cannot access the SDRAM with cache through. You 

must be careful when read/writing data by both;t*\aste^ and slave since the 

cache can not be turned OFF, The SH2 fii^ chigoes ||jt occur in the 

problem mentioned above. 

VDP REG and Palette have a minimum 5 clocCTfei! (7 Clock access) 



Note: SH in this document refers to SH7604 (SH2|. 
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